The occurrence and characterization of toxigenic vibrios in surface water and sediment samples of the fresh water environment of the Ohta River were studied. The membrane filter, pad preenrichment technique, followed by the placement of membranes onto thiosulfate citrate-bile salt-sucrose agar, was used for the enumeration of total vibrios. Qualitative examination of pathogenic vibrios was also attempted. In addition, a survey was conducted to determine the incidence of Clostridium botulinum in sediment samples of the Ohta River and the Hiroshima coast. In the identification of 361 strains, 12 species of Vibrio and two species of Listonella were observed. Non-Ol Vibrio chokrae was prevalent among the members of the genus Vibrio. Vibrio parahaemolyticus (serotype 04:K34), isolated in fresh water, is significant and suggests that some still unknown conditions promote the survival of these organisms in fresh water. An estimated 132 strains were hemolytic by a simple agar method, and further characterization revealed that 82% of the hemolytic vibrios (107 strains) produced various toxins. About 71% (93 strains) elaborated cytotoxin, 55% (72 strains) produced hemolysin, and 44% (58 strains) responded for both cytotoxin and hemolysin in the crude toxin extracts. All the non-Ol V. cholerae showed cytotoxic activity, and the virulent strains of Vibrio fluvialis and Vibrio spp. showed cytotonic responses in RK-13 cells. Of 36 sediment samples tested, 10 harbored C. botulinum spores (28%) and were isolated invariably in all the regions of the Hiroshima coast and in the Ohta River, except the upper region of the Ohta River.
Vibrio parahaemolyticus is considered to be restricted to a saline environment, and it requires Na+ for survival and growth, but recent studies suggest it also occurs in water (4, 22) , plankton (23) , and fish (22) of freshwater environs. The ecology and seasonal distribution of Vibrio spp. (28) , V. parahaemolyticus (27) , non-O1 Vibrio cholerae, Salmonella spp. (29) , and Aeromonas spp. (Nakano, H., T. Kameyama, N. Takahashi, K. Venkateswaran, H. Kawakami, and H. Hashimoto, personal communication) were carried out in the coastal belt of Hiroshima Prefecture. The role of planktonic copepods in the annual cycle of these human pathogens was clarified (27, 29) . However, the survival of these moderate halophiles in the freshwater environs of Japan has not yet been attempted. A total of 10 species have been associated with gastroenteritis, wound infection, or septicemia of humans (3) , and 7 species have been described as pathogens of fish (2) . The pathogenic mechanisms involved in clinical isolates were documented (13) ; however, little information was available on the pathogenicity of environmental isolates of vibrios (17, 19) . Production of extracellular products such as proteases, hemagglutinin (7), enterotoxin (25, 36) , hemolysin (35) , cytotoxin (15) , and some other uncharacterized virulence factors (18) are responsible for the pathogenesis.
The distribution of Clostridium botulinum has been extensively studied in limnetic (10) and marine (26) environments of various parts of the world. Researches on the incidence of this organism from Hokkaido (10) , the districts of the Southeastern Japan Sea (34) , and the Seto Inland Sea of Japan (28) were reported.
The coastal area of Hiroshima Prefecture accounts for 85% of Japanese oyster culture production, oysters which are frequently eaten raw in Japan. The Ohta River is a major * Corresponding author. river system in this area, and the Hiroshima Bay is polluted with an unending discharge of wastes through this river. In light of the importance of mariculture in this area, the present investigation was attempted in order to determine the occurrence of pathogenic vibrios and C. botulinum in the freshwater environment of the Ohta River. The production of hemolysin and cytotoxin by these vibrios was further characterized.
MATERIALS AND METHODS
Study area and sample collection. Samplings were made once a month during the autumn season (August through October 1988) from 10 stations (Fig. 1) simple membrane filter, short-pad preenrichment technique, followed by placement of membranes onto thiosulfate citrate-bile salt-sucrose (TCBS) agar (Eiken, Tokyo, Japan) as described by Venkateswaran et al. (28) , was used to enumerate total vibrios. In addition, large volumes of water (1 liter to 100 ml for water, 10 ml for sediment) were membrane filtered and placed into two sets of alkaline peptone water. One set was incubated at 37 and the other at 42°C (29) . These were streaked onto TCBS agar and incubated at 37°C for 18 to 24 h. Four strains each of green and yellow colonies were picked from the TCBS plates which were streaked with preenriched broths. The strains were purified, and stocks were grown on T1N1 agar (1% Tryptone, 1% NaCl, 0.5% agar) for identification. Vibrios were identified as described by West and Colwell and others (2, 5, 32) . The biochemical tests used were detailed in our previous study (28) . Serological typing of V. parahaemolyticus was performed with commercial 0 and K antisera (Seiken, Nigata, Japan) by slide agglutination (21) .
Water temperature, pH (Horiba pH meter D-12; Tokyo, Japan), and chlorinity (TOA electronics model IM-1B; Tokyo, Japan) or salinity (Merbabu Trading Co. NS-3P, Tokyo, Japan) were measured. Chemical oxygen demand was also estimated (1) .
Toxigenicity. All the isolated strains were initially screened on blood agar (Trypticase soy agar supplemented with 5% defibrinated sheep blood; BBL Microbiology Systems, Cockeysville, Md.) for their hemolytic activity. The hemolytic strains (132 strains) were subjected to the following toxin assays.
Hemolysin assay. (i) Preparation of crude toxin. The sodium chloride concentration of the media used was adjusted to a concentration of 1% unless otherwise mentioned. All the tested strains were streaked onto brain heart infusion agar (Eiken, Tokyo, Japan), and the 18-to 24-h pure colonies were cultivated in 2 ml of Trypto soy broth (Eiken, Tokyo, Japan) for 6 to 8 h at 37°C. These were inoculated into 10 ml of brain heart infusion broth in L-type tubes and incubated (37MC; 18 to 24 h) with agitation (Taiyo monosin-IIA; Tokyo, Japan) in a water bath. The cell-free extracts were made by centrifugation (9,000 x g; 15 min), and the supernatant solutions were used as crude toxin.
(ii) Quantitative method. Twofold dilutions of the cell-free extracts (1 ml) in Tris hydrochloride buffer (0.9% NaCl plus 1 mM Tris hydrochloride, pH 7.2) were prepared; an equal volume of a 1% suspension of fresh, five-times-washed rabbit erythrocytes was added; and the extracts were incubated for 2 h at 37°C. The reaction mixtures were centrifuged at 1,000 x g for 15 min. The supernatant was transferred to a flat-bottomed microdilution plate (Falcon; Becton Dickinson Labware, Oxnard, Calif.), and the A540 of the hemoglobin released was measured in a Microplate EL 309 Autoreader (Bio-Tek Instruments, Tokyo, Japan). One hemolytic unit was defined as the amount of hemolysin causing 50% hemolysis of 1 ml of 1% rabbit erythrocytes suspension.
Cytotoxin assay. Crude toxins were prepared in L tubes with Trypticase soy broth instead of brain heart infusion broth as detailed for the crude hemolysin preparation. Other cultural conditions were the same as described in the hemolysin assay. Cytotoxicity was determined for all the hemolytic strains by using a rabbit kidney-derived cell line (RK-13). Eagle minimum essential medium (Nissui, Tokyo, Japan) supplemented with 10% fetal bovine serum and 2 mM L-glutamine was used as the growth medium. The cell line was subcultured in 96-well plates, and 50 ,ul of the twofolddiluted cell-free crude toxin was added to each well. After a 5-min incubation at 37°C with 5% CC2, the toxin was removed and tissue culture wells were washed three times with phosphate-buffered saline; the fresh growth media was replaced. This was incubated at 37°C for 24 h, and the cells were scanned under a phase-contrast inverted microscope to examine the percentage of cells affected and to detect cytotonic or cytotoxic activity (14) . Scores were made on individual wells as 1 + to 4+, corresponding to 40 to 59, 60 to 79, 80 to 99, or 100% of cells exhibiting cytotonic or cytotoxic morphology. The wells showing 40% or fewer toxic cells were treated as negative.
C. botulinum. Sediment samples (36 samples; see Table 5 ) collected were qualitatively examined for C. botulinum in the laboratory not more than 3 days after sample collection. A sample (20 g ) was mixed with enough sterile distilled water to make 200 ml. After a vigorous shaking, 100 ml of the supernatant was siphoned out and centrifuged at 9,000 x g for 30 min at 4°C, and the precipitated pellet was suspended in 4 ml of phosphate-buffered saline and treated as sediment sample. Cultural conditions and detection of toxins were carried out as described earlier (28) . If the mouse died with typical botulism symptoms, a neutralization test was conducted by using specific antitoxins (types A, B, C, D, E, and F; Chiba Serum Institute, Chiba, Japan).
RESULTS
The means of environmental parameters and various microbial characteristics monitored in this study at the 10 stations are given in Table 1 . This study was carried out in autumn, the season in which the highest incidence of pathogenic vibrios was recorded in these localities (27) . Chlorinity at the upper and middle regions of the Ohta River was found regions of the Ohta River is shown in Table 2 . A total of 618 to be uniformly low; however, the lower region of the river strains were isolated, and 361 strains were identified as experienced high chlorinity value. Relatively higher salinity Vibrio and its species. It is important to say that thiosulfate was observed at station 10 and could be related to the citrate-bile salt-sucrose agar allows 42% of the strains that constant exchange of seawater. Total viable counts were are not vibrios to grow in the media when freshwater high in sediment samples compared with surface water samples are examined. Among 14 different species identilayers, with the highest densities in the lower region of the fied, non-O1 V. cholerae (20.2%) was the predominant river. A high concentration of total vibrios was found in the species of the genus Vibrio throughout the sampling period. marine region in both water and sediment samples. Among V. parahaemolyticus (18%) and Vibrio metschnikovii (11%) the sampling locales, in general water samples showed a were isolated frequently, with a clear-cut zonation in their higher total-vibrio population. Sucrose-negative vibrios incidence. Surprisingly, V. parahaemolyticus was found, showed a pattern of distribution similar to that of total although only three strains, in the station which had only vibrios, both for sampling area and for strata. fresh water (station 7), and all other strains were isolated The distribution of various species of vibrios in different from either an estuarine region (59 strains) or station 8 (3 hemolysin. This needs further study. In the present investigation, 17 strains of non-O1 V. cholerae, 2 strains of Vibrio fluvialis, and 1 strain of Vibrio mimicus produced 102 and higher hemolytic units in 1 ml of crude toxin. In addition, nine strains of V. cholerae produced 103 and higher hemolytic units per milliliter of the crude toxin. Purification and characterization of hemolysin produced by these strains are under way in this laboratory.
All the hemolytic strains (132) were tested for cytotoxin production, and about 71% of the tested strains were either cytotoxic or cytotonic to the RK-13 cell line. It is interesting to note that non-O1 V. cholerae and V. mimicus showed mainly cytotoxic activity, whereas V. fluvialis and other Vibrio species exhibited cytotonic activity in RK-13 cells.
While comparing hemolytic and cytotoxic responses, 74% of V. cholerae strains showed different activities, i.e., nonconformity of high cytotoxic titer with high hemolytic unit. But hemolytic values and cytotonic titer were in good agreement in 77% of V. fluvialis isolates. No response in RK-13 cells was observed for about 29% of vibrios isolated during the present study. In total, 82% of the strains tested showed production of toxins (either hemolysin or cytotoxin). C. botulinum. The distribution of C. botulinum spores is shown in Table 5 . C. botulinum was detected in all the sampling regions except the upper region of the Ohta River. Botulinum toxins were detected in about 28% of the sediment samples (10 out of 36) tested. The toxins were observed to be types C (3 samples) and D (2 samples). In the other five samples, the mice died with botulism symptoms, but when neutralized with individual antitoxin C and D, the mice did not die (C or D). These strains which neutralize monovalent antitoxin C and D were found to be recorded mainly in the marine region of the investigated environment.
DISCUSSION
Occurrence of halophilic vibrios in freshwater environments was reported from India (22, 23) and West Germany (4). In the present study, 01 V. cholerae was not found, but in agreement with previous studies (29) in this area, non-O1 V. cholerae was frequently isolated. Non-O1 V. cholerae was isolated in low numbers from the freshwater region but in high numbers in estuarine regions (11, 12, 29) . High V. metschnikovii incidence in fresh water, as seen in the present study, was also reported by West and Lee (33) , and its inability to exist in estuarine waters is not known. Likewise, Listonella anguillarum was isolated from fresh water also (12) . V. parahaemolyticus was found in one absolute freshwater station, and its ability to survive in freshwater conditions under some still unknown circumstance is, indeed, significant (22) . Sporadic isolation of V. fluvialis, as seen in this study, was also reported in Leybourne stream, Kent, England (33) . The occurrence of the vibrios mentioned above with other moderate to true halophiles (Table 2) was not continuous throughout the main Ohta River system. The domestic effluents might have carried these vibrios, and because of their inability to grow in low Na+ concentration, the microorganisms were not seen in the river throughout its flow. Fishes, however, and perhaps other aquatic animals provide an appropriate substrate for survival in freshwater conditions (22) .
Human gastroenteritis caused by vibrios is well documented, but the mechanisms of pathogenesis are still not clear (3) . Toxin profiles of non-O1 V. cholerae isolated from environmental (17) and clinical (13, 24) sources suggested that a small number of strains possess cholera toxin. In addition to enterotoxin (6, 36) , non-O1 V. cholerae also produces hemolysin (35) , cytolysin (15) , proteases, and soluble hemagglutinin (7) . In the present study, 57% of the non-O1 V. cholerae strains examined produced cytotoxin and hemolysin (Table  4 ). Nishibuchi et al. (18) designed a Y-1 mouse adrenal cell assay for detecting toxins in vibrios and found that non-O1 V. cholerae produces cytotonic responses. Joseph et al. (9) assessed non-O1 V. cholerae virulence and correlated cholera toxin produced by one non-O1 V. cholerae strain with the cytotonic response in Y-1 mouse adrenal cells. However, the non-O1 V. cholerae strains in this investigation showed cytotoxic activity, and none of the cultures responded to cytotonic morphology in RK-13 cells. However, all the virulent V. fluvialis strains showed cytotonic activity. The simple agar method used to detect hemolytic strains might be primitive for detecting hemolysin production (55%), but it could help in screening a large number of toxic strains where the toxins are responsible for lysing erythrocytes, such as cytolysin, proteases, etc. A total of 27% of strains isolated in this study produced only cytolysin and were not quantitatively characterized for the hemolysin production. V. parahaemolyticus strains showed neither hemolytic nor cytotoxic activities, and relatively few pathogenic strains have been detected in other field studies (30).
C. botulinum incidence is low in Japan when compared with the United States. However, type E outbreaks were recorded in northern Japan (10) . Types A and B are highly toxic to human and are frequently noticed in environmental samples from China (37), the United States (26, 31) , and European countries (8) . In the tropical environment, only types C and D could be demonstrated (16) . It is generally considered that type C is not hazardous for humans and is primarily associated with birds. Because human cases of type C are reported in various countries, its potential risk should not be underestimated (20) . Previous investigations in the Seto Inland Sea (28) and in the districts of Southeastern Japan Sea (34) revealed a high percentage of type C spores. As is expected, the freshwater tributaries carried more botulinum spores (28%) and are considered to be the source of this pathogen to the marine environment. In addition to type C, type D toxins were also noticed during the present investigation. It is significant to note that the strains neutralizing both antitoxins of C or D were found mainly in the marine region, and this needs further .study.
The virulence-associated factors produced by the environmental strains of vibrios, along with the incidence of C. botulinum in the freshwater environment, pose a challenge for the mariculturally fertile area of Japan.
